Homogeneous nucleation of argon droplets has been measured with a newly designed cryogenic nucleation pulse chamber presented already in a previous paper ͓Fladerer and Strey, J. Chem. Phys. 124, 16 ͑2006͔͒. Here we present the first systematic nucleation onset data for argon measured in a temperature range from 42 to 58 K and for vapor pressures from 0.3 to 10 kPa. For these data we provide an analytical fit function. From the geometry of the optical detection system and the time of nucleation the experimental nucleation-rate range can be estimated. This allows a comparison of the data with the predictions of classical nucleation theory. We found 16-26 orders of magnitude difference between theory and experiment, and a too strong theoretical dependence of the nucleation rate on temperature. A comparison with the self-consistent theory of Girshick and Chiu ͓J. Chem. Phys. 93, 1273 ͑1990͔͒ showed improved temperature dependence but still discrepancies of 11-17 orders of magnitude compared to experimental data. The thermodynamically consistent theory of Kashchiev ͓J. Chem. Phys. 118, 1837 ͑2003͔͒ was found to agree rather well with experiment in respect to the temperature dependence and to predict rates about 5-7 orders of magnitude below the experimental ones. With the help of the Gibbs-Thomson equation we were able to evaluate the size of the critical nucleus to be 40-80 argon atoms.
I. INTRODUCTION
The understanding of homogeneous nucleation kinetics is of great interest for a wide range of applications such as meteorological modeling or industrial design. 1 Experimental investigations of homogeneous nucleation from the vapor phase date back to the experiments of Wilson in 1897. 2 Since then a lot of different experimental setups have been developed with which the nucleation of droplets in vapors can be detected, 3 such as, for example, supersonic nozzles, 4,5 shock tubes, 6 and nucleation pulse chambers. 7 With all of them, just the onset of nucleation can be detected, which is the condition under which nucleation is observable in a given experiment. All different techniques reach a supersaturation of the mother phase in a different way and vary in the depth of penetration into the metastable two-phase region. This is the reason why the number of droplets they produce per unit volume and time, the so-called nucleation rate J, varies as well as the growth rate of the droplets. Therefore all the experiments have a specific measuring window. Corresponding to this different nucleation rates, each technique gives different conditions for onset of nucleation for one and the same substance. 8, 9 In the nucleation pulse chamber developed by Wagner and Strey 7, 10 the nucleation rate can be calculated directly from the number density of the droplets and the time of nucleation, which is obtained from a pressure pulse. A similar method is used in the piston-expansion shock tube, 11 the thermal diffusion cloud chamber, 12 or the pulse-expansion wave tubes. 13 For other setups, the corresponding nucleation rate has to be calculated with the help of theory [14] [15] [16] or estimated from the experimental conditions.
Most of the experiments have been done with substances that are easy to handle and of broad interest, such as water 8, 17 or alcohols, 9, 18 but some have been carried out for more uncommon substances such as metals 19 as well. In comparison with the classical nucleation theory ͑CNT͒ developed by Becker and Döring 20 they all show a weaker temperature dependence. 8, 9 Depending on the measuring window of the experiment and the examined substance one specific temperature can be found where theory and experiment agree totally. At higher temperatures the predictions of the theory are too high and at lower ones they are too low. The CNT failure is not a big surprise if one considers the underlying assumptions, such as the so-called capillarity approximation. 21 This approximation allows one to use macroscopic quantities to calculate the nucleation rates for very small clusters. A lot of efforts were made to correct the CNT or rederive it, [22] [23] [24] but without proving successful in predicting experimental results, except for water droplets in steam. 25 On the other hand, new theories have been developed, such as molecular theories [26] [27] [28] or the density functional theory ͑DFT͒, [29] [30] [31] and computer simulations of the nucleation process were performed 32, 33 to get a better understanding of the nucleation process. For all these new approaches the exact intermolecular potentials have to be known in order to perform the calculations. Very often a Lennard-Jones potential is chosen, which only applies to rare gases such as argon. Therefore it is of great interest to study nucleation of droplets in these gases. Up to now just a small amount of experimental work on the homogeneous nucleation of liquid argon has been performed and the data that can be found in literature do not give a consistent pattern. [34] [35] [36] [37] [38] [39] [40] [41] In order to produce a consistent data set on argon nucleation, Fladerer and Strey 42 built a nucleation pulse chamber that is able to work at temperatures below 83 K. This chamber is able to expand an argon-helium gas mixture adiabatically and thus induce argon nucleation. Besides the growth measurements on argon droplets, these authors detected the onset of argon nucleation with this new device. For this work, their chamber was improved, so that we were able to make deeper expansions and thus produce a consistent set of argon nucleation onset data.
II. THE CRYOGENIC NUCLEATION PULSE CHAMBER
The cryogenic nucleation pulse chamber used for the experiments presented in this work is based on the chamber built by Fladerer and Strey described in a previous paper. 42 This chamber consists of two joint parts: The measuring chamber and the expansion chamber, separated from each other by a piston. This piston is able to move in an opening between the two chambers, so that it can connect the two volumes and then separate them again in a two-step motion. The whole chamber is cooled down by liquid nitrogen to starting temperatures T 0 of around 83 K. To provide optimal insulting, the chamber is placed in a vacuum box. The argonhelium mixture is prepared in a separate mixing unit. This mixture is led through stainless steel coils cooled by liquid nitrogen to precool it and to freeze out any impurities. Afterwards it is filled into both chambers, while the pressure p 0 in the measuring volume is kept much higher than the pressure in the expansion volume. We then open the piston between the two chambers and thus expand the vapor adiabatically to cool the vapor phase down. While helium is used as carrier gas, the argon vapor gets supersaturated, and nucleation of liquid argon occurs.
In order to make onset measurements under consistent conditions over a wide range of temperatures, we extended the expansion volume of the original chamber 42 from 305 to 794 cm 3 . In contrast, the volume of the measuring chamber stays at 50 cm 3 . As can be seen in Fig. 1 , we now reach lower pressures p exp at the end of expansion with a comparable expansion ratio. Starting from 83 K, we are able to reach a temperature of 42 K with the adiabatic expansion instead of the formerly reached 51 K.
In the previous chamber only few measurements could be made without detecting nucleation onset at the lower end of the expansion, where the pressure drop gets minor. With the modified chamber we are able to detect onset under essentially the same expansion ratio whether we are at the upper or lower end of our measuring window which extends from 58 to 42 K. Because comparable expansion ratios should lead to comparable nucleation rates, we were able to produce a consistent data set of onset conditions of argon.
The technical drawing of the longitudinal cut of the cryogenic nucleation pulse chamber used for the measurements in this paper is shown in Fig. 2 .
The expansion chamber is located on the right side of the chamber and is designed to lie circular around the expansion mechanics. The middle part is the much smaller measuring chamber with the recompression bellows at the left. In principle, these bellows can be used to perform pressure pulses. For the experiments presented in this paper just normal expansions were used for reasons which are already discussed in the paper of Fladerer and Strey. 42 The wall surrounding the whole nucleation pulse chamber belongs to the vacuum box which is thermostated to room temperature to avoid icing of the optical windows. In order to avoid thermal gradients we applied an additional cooling at the expansion volume. The liquid nitrogen is led through the openings in the wall of the measuring and the expansion chambers. We also installed a second cooling coil through which the gas mixture is flowing before it enters the chamber so that we can guarantee proper precooling of the examined gas and removal of any possible impurities.
The droplets are detected using constant angle Mie scattering ͑CAMS͒. 42, 43 Therefore a helium-neon laser is beaming through the measuring volume and the transmitted light as well as the scattered light under constant angle of 15°are detected as can be seen in Fig. 3 .
The photodiode and the photomultiplier used in this setup were calibrated relative to each other. The pressure drop is monitored using a piezo-pressure-transducer sitting in the upper wall of the measuring chamber. This transducer is calibrated before each experimental series and after each cooling down of the chamber. The starting temperature T 0 is measured using a closed thermocouple sitting in the measuring chamber wall and controlled by an open thermocouple reaching into the gas phase. Both thermocouples are calibrated against a Pt-resistance thermometer which is approved for cryogenic temperatures.
III. MEASURING PROCEDURE
Prior to each measuring series we calibrate the piezopressure-transducer in the chamber with which the pressure drop during experiment is monitored. After cleaning the chamber with vacuum pumps the gas mixture is premixed in a separate receptacle which is thermostated to room temperature. Firstly, the argon gas is filled into the receptacle and after 15 min the pressure is controlled by a pressure transducer ͑MKS-Baratron͒. Then helium gas is added until the desired composition of the mixture is reached. The total pressure is read off after further 15 min. This way, a precise setting of the vapor fraction is possible. We prepared mixtures with an argon content of 1%-15% in the total mixture. Each mixture can be used for about 20 onset experiments.
For the measurements the gas mixture is led through the two cooling coils and the cooled line before it reaches the chamber. In order to clean the chamber from any impurities, we let the gas flow through the measuring chamber at the desired starting pressure for 5 min with the help of a vacuum pump sitting at the outlet of the chamber. While doing so, the piston separates the expansion chamber from the measuring chamber and the expansion chamber is evacuated. Then the gas inlet and the outlet of the measuring volume are closed and the starting pressure is adjusted. We used starting pressures p 0 up to 180 kPa. We maintained overpressure according to atmosphere during most experiments to avoid the infiltration of air into the chamber through unavoidable tiny leaks. The vapor is then expanded by opening the piston. The pressure drop during expansion is detected, so that the temperature T on can be calculated from the starting conditions T 0 and p 0 and the actual total pressure p with the help of the Poisson equation, which for the rare-gas mixture is
.
͑1͒
Soon after the nucleation conditions for argon are reached, the droplets become detectable by CAMS. We detect our onset for argon nucleation where the scattered-light signal U scat deviates from its base line as the dashed line in Fig. 4 indicates.
The total pressure at onset conditions can be easily determined from the signal of the piezo-pressure-transducer which allows calculating the onset temperature T on with the help of Eq. ͑1͒. The onset pressure p on of argon vapor has to be calculated out of the total pressure and the gas-phase composition.
IV. EXPERIMENTAL RESULTS
In the way described above, argon-helium mixtures containing partial pressures of argon from = 1% to 15% were adiabatically expanded. The starting temperature was around T 0 Ϸ 83 K and the starting total pressure p 0 varied from 180 to 100 kPa. We observed the onset of nucleation in a closed region at temperatures from T on =42 to 58 K and at vapor pressures from p on = 0.3 to 9.1 kPa. The experimental data are summarized in Appendix A and shown as circles in the Wilson plot, Fig. 5 . This plot also shows the binodals for gas-solid nucleation ͑dashed line͒ and gas-liquid nucleation ͑solid line͒. In the following we will only refer to the gasliquid binodal, since the formed nuclei are initially liquid and the consequent freezing does not play a role in the nucleation process.
The vapor pressure of argon at liquid nitrogen temperatures ͑being approximately 30 kPa͒ restricts the measuring window to higher temperatures, since for higher concentrated mixtures the vapor is depleted in the coils used for precooling the gas mixture. At low temperatures the measuring window is restricted by the fact that a certain number density of particles has to be built in order to be able to detect them by light scattering. The measured onset data can be described reasonably well by the following fit function: Here T c is the critical temperature and p c is the critical pressure of argon both being given in Appendix B. The pressures calculated with Eq. ͑2͒ are also shown in Fig. 5 as solid line running through the data points. The onset data scatter around the fit function within 15% of the calculated pressure.
From the geometry of our detection system we are able to make a first estimate of the nucleation rate. The observation of the transmitted and the scattered light of a laser under a scattering angle of 15°defines a scattering volume, 43 which is of the order of 10 nm 3 . In order to be able to observe nucleation, there has to be at least one droplet in this scattering volume, which defines a minimum detectable number density of the order of N min Ϸ 1 ϫ 10 2 cm −3 . From our experience with the nucleation pulse chamber developed by Wagner and Strey, 10 which has essentially the same detection geometry, we know that the maximum observable droplet number density is N max Ϸ 1 ϫ 10 6 cm −3 . From the shape of the observed scattering signal and deducted droplet growth we expect a nucleation time of the order of about ⌬t Ϸ 1 ϫ 10 −3 s. Therefore the experimental nucleation rate,
has to be 10 5 cm −3 s −1 ഛ J exp ഛ 10 9 cm −3 s −1 . These values can be used as a first estimate of the nucleation rate for the onset measurements presented here. The corresponding onset supersaturations,
can be easily calculated as the ratio of the onset vapor pressure p on and the equilibrium vapor pressure p e with the help of Eq. ͑2͒ and the equation for p e given in Appendix B.
V. ESTIMATION OF CRITICAL NUCLEUS SIZE
It was shown in experimental 17 and theoretical 44 way that, even though using the capillarity approximation, the Gibbs-Thomson equation,
for predicting the critical nucleus size n GT * works rather well. Here is the macroscopic surface tension, l is the molecular volume calculated with the help of the liquid density e , and k is the Boltzmann constant. For the measurements made with the nucleation pulse chamber developed by Wagner and Strey 7,10 the measured critical nucleus size could be predicted by the Gibbs-Thomson equation with an error of 10%. 17, 45 Assuming that this equation works also well for the argon experiments, it is possible to estimate the critical nucleus size. Using the information about the physicochemical properties of argon in Appendix B, this was done by calculating the pressures and the temperatures corresponding to a constant critical nucleus size from Eq. ͑5͒. These conditions were then included in the Wilson plot which is also containing the experimental onset data. In Fig. 6 this is shown for constant critical nucleus sizes from 20 atoms ͑up-per line͒ to 120 atoms ͑bottom line͒ in steps of 20 atoms.
At the upper end of the experimental data ͑T =58 K͒, the data are crossed by the line corresponding to a 80-atom critical nucleus. At lower temperatures ͑T =42 K͒ we find an agreement with the 40-atom line. Simple thermodynamic considerations 46 imply bigger critical nuclei at higher nucleation temperatures for constant nucleation rate. So the observations made in Fig. 6 are an indication for the consistency of the experimental data.
Normally, using the nucleation theorem, 21,47 the number of atoms in the critical nucleus is obtained from the slope of the nucleation-rate isotherms when plotted as a function of the supersaturation in double-logarithmic coordinates. Therefore the critical nucleus size is also an indication for the slopes of the nucleation-rate curves. Since the abovededuced numbers are an estimate of the real critical nucleus size, we expect steep nucleation-rate isotherms. This circumstance means an additional complication for the direct measurement of the nucleation-rate isotherms of argon, since there will be always a big error in the nucleation rate caused by small errors in the supersaturation. The data can be fitted using Eq. ͑2͒ ͑upper solid line͒. The gas/ solid binodal is drawn as dashed line, and the extrapolated gas/liquid binodal is shown as solid line.
VI. COMPARISON WITH LITERATURE DATA
In Fig. 7 our onset data of argon ͑filled circles͒ are compared with older data from literature.
The data measured with the first version of the cryogenic chamber by Fladerer and Strey 42 ͑empty circles͒ are lying on top of the present onset data. In this figure the amount of extension of the measuring window by applying the bigger expansion chamber is illustrated. The deviations of the Fladerer and Strey data at lower temperatures can be explained by the fact that their measuring window has not been restricted by the detection system, but by the depth of the adiabatic expansion. At the end of their expansion the expansion rate gets smaller, so the way the onset conditions are reached is different for the high and the low temperature data. As Kim et al. 48 have shown in nozzle experiments, slower expansion rates lead to lower nucleation rates. Thus the onset data of Fladerer and Strey correspond to different nucleation rates, while the new data were obtained under comparable expansion rates and thus pertain to the same nucleation rate.
The other data shown in Fig. 7 have been measured with the help of supersonic nozzles and shock tubes. The nucleation rates reached in shock tubes are of the same order of magnitude as the ones reached in nucleation pulse chambers, while the nucleation rates reached in supersonic nozzles are about ten orders of magnitude higher. Therefore, the onset conditions detected in shock tubes should be close to the data presented here, while the onset in supersonic nozzles should be lying at higher pressures or lower temperatures. In Fig. 7 the data from Wu et al. 37 ͑gray hexagons͒ and data from Stein 36 ͑gray up triangles͒ were measured with supersonic nozzles. It is seen that already these two data sets are inconsistent compared to each other. As it has to be, the data from Wu et al. are lying at lower temperatures compared to the data presented here, while the data from Stein are lying at higher temperatures. All the other data, being measured by Matthew and Steinwandel 38 ͑down triangles͒ and by Zahoronsky et al. 40, 41 ͑data from 1995; squares, data from 1999: diamonds͒ were measured with shock tubes. Our data agree well with the data of Zahoransky et al. from 1999 and some of the data from 1995. The data of Matthew and Steinwandel are lying right on the binodal of the system, which might be explained by the detection of heterogeneous nucleation. This is an observation we also made in the construction phase of our cryogenic chamber, when there was intrusion of water vapor through tiny leaks.
VII. COMPARISON WITH THEORY
The CNT by Becker and Döring 20 provides a simple and fast calculation of a theoretical nucleation rate which is expressed by a Boltzmann-type ansatz containing a kinetic prefactor K CNT and the work ⌬G CNT to form the critical nucleus ͑m is the molecular mass͒, saturations have a too strong temperature dependence. In order to make a comparison with CNT, in Fig. 8 the data presented here ͑filled circles͒ and the gas-liquid binodal ͑lowermost line͒ are plotted as a function of inverse temperature. In this way, they form nearly straight lines, so that the comparison is simplified.
Also shown in this plot ͓Fig. 8͑a͔͒ is the CNT prediction for p on at constant nucleation rates J CNT of 10 The region where the theoretical prediction matches the experimental window for nucleation rates from J CNT =10 5 cm −3 s −1 to J CNT =10 9 cm −3 s −1 is illustrated by the hatched region in the figure. If CNT were giving the right prediction, this region would be lying on top of the experimental data. As seen, this is not the case. The hatched region is lying at pressures two to six times as high as the onset pressures of argon, with growing discrepancies when going to lower temperatures, also implying again a weaker temperature dependence of the experiments compared to theory. This can be quantified if we estimate an average nucleation rate of J exp =10 7 cm −3 s −1 for our experimental data, having an error of plus or minus two orders of magnitude. We are then able to determine the ratio of this average nucleation rate and the rate calculated with the help of CNT for the experimental conditions. This ratio is plotted in Fig. 9 as a function of inverse temperature ͑circles͒.
This way, we find a difference between experiment and theory of about 16 orders of magnitude at high temperatures ͑around 58 K͒ and of 26 orders of magnitude at low temperatures ͑42 K͒. Therefore we find the same too strong temperature dependence as found for other substances.
Girshick and Chiu 22 proposed a correction to achieve self-consistency of CNT, which reads
Here ⌰ is a dimensionless surface tension. The ratio of the experimental nucleation rates J exp and the rates J GC calculated from Eq. ͑9͒ is also shown in Fig. 9 ͑squares͒. The slope of the data here is smaller than the slope of the data calculated with CNT, so that the self-consistent theory shows an improved but still too strong temperature dependence. But the self-consistent theory is still predicting nucleation rates lying 11-17 orders of magnitude too low compared to the experimental results.
Regretfully, a comparison with DFT is not possible at this stage. The reason is that the calculations that can be 5 -10 9 cm −3 s −1 , which corresponds to our measuring window. ͑b͒ Comparison of the experimental onset data ͑circles͒ with the onset conditions determined from Eq. ͑11͒ at nucleation rate J K of 10 7 cm −3 s −1 ͑dot-dashed line͒.
FIG. 9. Ratio of experimental nucleation rates J exp =10
7 cm −3 s −1 and nucleation rates J CNT , J GC , and J K calculated with the help of the CNT ͑circles͒, the self-consistent theory ͑squares͒, and the thermodynamically consistent theory ͑triangles͒ as a function of inverse temperature. The empty symbols for T = 58 K were not taken into account by fitting the straight lines.
found in the literature were done for temperatures higher than the ones used in this work. But at these higher temperatures the density functional calculations lead to nucleation rates lying about five orders of magnitude above those of CNT. 29, 52 So there would be still a gap between the results obtained by DFT and experiment of at least 11 orders of magnitude. In addition DFT showed nearly the same temperature dependence as CNT.
Finally, we confront with our experiment the thermodynamically consistent theory of Kashchiev, 44 according to which the nucleation rate takes the form
when the kinetic prefactor is set equal to that of J GC . Here the S-dependent correction factor g is given approximately by
provided that the vapors behave as ideal gas and the nucleating liquid is with negligible compressibility. Figs. 7 and 8͑b͒ . We observe that these lines touch the uppermost circles representing the experimental data and, importantly, capture quite well the temperature dependence of the onset pressure. This rather good temperature dependence of J K is visualized by the triangles in Fig. 9 . As seen, the straight line through the triangles has a slope smaller than the slopes for J CNT and J GC , and within the error bars of the triangles, one can even draw a zero-slope straight line corresponding to perfect temperature dependence. Despite that, however, J K is about five to seven orders of magnitude below J exp for all studied temperatures. It is tempting to attribute this discrepancy to uncertainties in the values of and S s ͑because these are obtained by extrapolations deeply below the triple-point temperature of argon͒ and/or to insufficiently accurate determination of the correction factor g from the approximate equation ͓Eq. ͑12͔͒.
VIII. EMPIRICAL CORRECTION FUNCTION FOR ARGON
McGraw and Laaksonen pointed out earlier that the correction of CNT should be temperature dependent only. 53 In accordance with the experiments of Wölk et al. 8 on water nucleation, we find the ratio of experimental and theoretical nucleation rates to be described by a straight line reading
For the data in this paper we found values of A = −27 and B = 3630 K. At this point it is important to note that the value for 58 K ͑being the empty circle in Fig. 9͒ was not taken into account for fitting of the straight line. In addition there might be a big error in the values A and B due to the two orders of magnitude error of J exp . By correcting CNT with A and B, we were able to calculate nucleation-rate isotherms as a function of supersaturation representing our experimental results ͑see Fig. 10͒ . We cannot assure that the correction of CNT by means of Eq. ͑13͒ is in accordance with experimental nucleationrate isotherms for argon, because such measurements have not been done yet. Nor can we predict the equation to be extendable above the borders of our measuring window, as Wölk et al. 8 stated for their empirical correction function for water. Due to the fast growth of the argon droplets and the expected steep slopes of the isotherms, it is questionable if the direct measurement of nucleation rates will be achievable in the near future. Estimating the nucleation rate for measurements done with other devices might be a good remedy. Especially, onset measurements in supersonic nozzles could lead to a good estimate of nucleation rate lying about ten orders of magnitude higher than the rates reached in the chamber used for this work, so that a test for the validity of Eq. ͑13͒ could be given.
Wölk et al. 8 showed that, given that the Boltzmann-type ansatz used in theory holds for the experimental nucleation rate as well, the parameter A can be expressed as
and the parameter B as . ͑15͒
In these equations K is a kinetic prefactor, ⌬S * is the entropy, and ⌬H * is the enthalpy. The surprising result is that Wölk et al. found with A water = −27.56 nearly the same value for the straight-line intercept as we found for the data in this paper. With B water = 6500 K their slope is about double from the one we calculated for argon. This analogy might raise the question of a basically wrong ansatz of CNT.
IX. CONCLUSIONS
The cryogenic nucleation pulse chamber presented by Fladerer and Strey 42 in an earlier paper has been improved in a way that allowed us to make consistent measurements of argon nucleation onset conditions over a wide range of temperatures and pressures. To do that, we adiabatically expanded argon-helium mixtures of different compositions and detected the nucleated argon droplets by constant angle Mie scattering. From an estimate of the nucleation time and the knowledge of the size of our scattering volume we were able to give a narrow margin for the nucleation rates corresponding to our data, namely, log͑J exp /cm −3 s −1 ͒ =7±2. This allowed us to make comparisons with nucleation theories. We found the CNT rates to be 16-26 orders of magnitude below our experimental rates and to have a too strong temperature dependence in comparison with experiment. The selfconsistent theory of Girshick and Chiu 22 showed an improved temperature dependence of the nucleation rate, but the rate is still 11-18 orders of magnitude away from the experimental one. Only the thermodynamically consistent theory of Kashchiev 44 turned out to be almost in conformity with experiment in respect to the dependence of the nucleation rate on temperature. Again, however, the theoretical rate is below that determined experimentally, although now about five to seven orders of magnitude. It is impressive how poorly nucleation in such a simple system such as fluid argon is described by existing theories. Even DFT ͑Refs. 29 and 52͒ only accounts for five orders of magnitude of the discrepancy between CNT and experiment. Clearly, further comprehensive work is needed for eliminating this longstanding discrepancy.
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APPENDIX A: EXPERIMENTAL RESULTS
Here we present the results of the experimental series A-O which differ in their composition = p Ar / p tot of the gas mixture ͑ is the ratio of the partial pressure p Ar of argon and the total pressure p tot in the mixture with helium͒. Given are the starting conditions T 0 and p 0 as well as the onset conditions T on and p on ͑Table I͒. 
APPENDIX C: SPINODAL PRESSURE OF LENNARD-JONES VAPORS
By means of molecular dynamics simulations, Linhart et al. 60 obtained data for the spinodal pressure p s of LennardJones ͑LJ͒ vapors. The circles in Fig. 11 represent their data in p s / p c vs T / T c coordinates, where p c = 0.126 LJ / LJ 3 and T c = 1.31 LJ / k are the critical pressure and temperature of the LJ fluid, 61 and LJ and LJ are the energy and size parameters of the LJ potential, respectively. Regretfully, the data are for temperatures considerably above those used in our experiments. The extrapolation of the p s ͑T͒ dependence of Linhart et al. to our quite low temperatures ͑T / T c = 0.279-0.385͒ is therefore rather uncertain. Fortunately, again by molecular dynamics simulations, Kraska 62 has recently shown that the critical nucleus in nucleation of LJ argon droplets in vapors is constituted of about only one atom at T =40 K, S Ϸ 10 4 and at T =50 K, S Ϸ 10 3 . Considering these S values as estimates of the spinodal supersaturation S s at these two temperatures and using the p e ͑T͒, p c , and T c values from Appendix B for real argon, in Fig. 11 we have represented by triangles the respective p s ͑T͒ data in reduced coordinates. In addition, we have marked there by square the theoretically known exact datum p s / p c =1 at T / T c = 1. As seen in Fig. 11 , all the data are described well by the function ͑x = T / T c ͒ 
